Large and small starch granules were isolated and character ized from mature barley kernels with waxy endosperms. The large granules of any given waxy cultivar contained more amylose than the small granules of the same cultivar.
granules of any given waxy cultivar contained more amylose than the small granules of the same cultivar.
It was also found that large granules contained a greater amount of long amylopectin B chains and had a lower termined by differential scanning calorimetry (DSC). The present paper describes the structural characteristics determined by enzymatic and chromatographic methods and the gelatinization characteristics determined by DSC of small and large starch granules prepared from mature kernels of several waxy barley cultivars.
MATERIALS
AND METHODS 1) Barley seeds. Kernel and endosperm types of the 9 cultivars of waxy barley and one cultivar of non-waxy barley which were used are described in Table  1 . A single-letter abbreviation was given to the non-waxy cultivar and double and triple-letter abbreviations were given to waxy cultivars. These abbreviations are used in Tables 2-5 and throughout the text hereafter. All of the cultivars except for NM were grown at the farm of the Plant Germ-plasm Institute, Kyoto University. Sample seeds of NM were kindly provided by Dr. Shinkichi Kubo, Managing Director, Kirin Brewery Co., Ltd., Tokyo, Japan. 2) Enzymes. Crystalline Pseudomonas isoamylase [EC 3.2.1.68] was pur chased from Hayashibara Biochemical Laboratories, Inc., Okayama, Japan. Sources of glucose oxidase and peroxidase have been reported previously (2).
3) Preparation of barley starch and fractionation of large and small granules. Starch granules were prepared from mature barley grains by Watson's method (3) and purified by Schoch's method (4). Large and small granules were fractionated by a series of decantations as described earlier (1). 4) Other methods. Measurement of starch granular size, determination of iodine absorption spectra, gel filtration of Pseudomonas-isoamylase-debranched materials and differential scanning calorimetry (DSC) have been described elswhere (1 3) Elution profiles of debranched waxy barley starches by gel filtration Table 4 summarizes the distribution of glucan in each fraction for Pseudomonas-isoamylase-debranched large and small starch granules of non-waxy, B, and 4 waxy barley cultivars, YAM, WO, SM and NM. Because only low yields of small granules were obtained, only the data for large granules are shown for the other 5 waxy cultivars, BM, DM, TM, YOM and MH. The amounts of Fr. I, amylose (1, 5) , ranged from 3 to 10% in the large granules and from 1 to 4% in the small granules of the waxy barley cultivars. The ratio of Fr. III to Fr. II, which represents one of the structural characteristics of amylopectin (5, 6), ranged from 3.3 to 3.8 for large granules of the waxy cultivars and from 3.6 to 4.4 for small granules. Table 5 shows the gelatinization characteristics of several waxy barley starches . The small granules of any given cultivar, each of YAM , WO, SM and NM, had a peak temperature for gelatinization (Tp) similar to that of the large granules of the same cultivar, but had a wider range of gelatinization temperature (from onset (T o) to conclusion (Tc) temperatures) and a smaller heat of gelatinization than the large granules of the same cultivar. amylose according to the enzyme-chromatographic method (Table 4) . There are two possible mechanisms for the deposition of amylose in waxy barley (9) . In one, the amylose arises from mutation at the amyloplast level . In the other, a direct xenia effect is exerted through cross-pollination in the field , although this possibility seems very unlikely under the experimental conditions adopted in the present study.
4) Pasting characteristics of waxy barley starches by DSC
Various differences in structural characteristics and properties were observed between the small and large granules of waxy barley starches , as in the case of non waxy starches (1) . First, the large granules of any given waxy cultivar contained more amylose than the small granules of the same cultivar (Table 4) , in agreement with previous findings (9, 10) . Secondly, the large granules of any given cultivar had a slightly lower Fr. III: Fr. II ratio than the small granules of the same cultivar except in the case of NM (Table 4) . Thirdly, the large granules of any given cultivar had a narrower range of gelatinization temperature and a greater heat of gelatini zation as determined by DSC than the small granules of the same cultivar .
MacGregor and Morgan (10) recently investigated the fine structures of amylopectins isolated from large and small starch granules of both non-waxy and waxy barley using enzyme-chromatography . The results indicated that amylopectin from large non-waxy starch granules had a slightly higher proportion of long chains compared with the other amylopectins present. However , amylopectins from both large and small granules of waxy barley starch had similar proportions of long chains. MacGregor and Morgan concluded that the difference was unlikely to be significant, because of the errors inherent in these determinations. Bathgate and Palmer (7) reported that the small starch granules isolated from mature barley kernels (cultivar Mans Otter) were far more resistant to gelatini zation than the large granules on the basis of polarising microscopy and the adsorption of Congo Red dye. Wider ranges of gelatinization and smaller heats of gelatinization of the small granules of waxy barley starches compared with those of large granules were shown by DSC (Table 5) , as in the case of non-waxy barley starch (1) .
We have therefore demonstrated differences in structural characteristics and properties between small and large starch granules of mature kernels for at least 4 cultivars of waxy barley with a known history as well as 5 cultivars of non-waxy barley with a known history (1). 
